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SAMPLING JIG, QUANTITATIVE ANALYSIS 
METHOD, AND ANALYSIS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a continuation application of 
International Application No. PCT/JP2013/072917 filed on 
Aug. 27, 2013 and designated the U.S., the entire contents of 
which are herein incorporated by reference, and which is 
based upon and claims the benefit of priority to Japanese 
Patent Application No. 2012-194030 filed on Sep. 4, 2012, 
the entire contents of which are herein incorporated by refer 
CCC. 

FIELD 

0002. A certain aspect of the embodiments discussed 
herein relates to a sampling jig, and a quantitative analysis 
method and an analysis system that use the same. 

BACKGROUND 

0003 Environment-related laws and regulations such as 
the European RoHS directive (restriction of the use of certain 
hazardous Substances in electrical and electronic equipment) 
have been enforced in recent years. The RoHS directive regu 
lates an amount of a hazardous Substance contained in a 
uniform material that composes a component of an electronic 
or electric product to be placed in the European market. 
Specifically, lead, mercury, hexavalent chromium, and par 
ticular bromine-containing fire retardant materials (PBB: 
poly(biphenyl bromide) and PBDE: poly(brominated diphe 
nyl ether)) are regulated to be less than or equal to 0.1 wt % 
(1000 ppm) and cadmium is regulated to be less than or equal 
to 100 ppm. For complying with the RoHS directive, devel 
opments of a precision analysis method and a screening 
analysis method (simple testing method) have been advanced 
for a substance to be regulated. 
0004 For lead, mercury, cadmium, and particular bro 
mine-containing fire retardant materials, a precision analysis 
method and a screening analysis method that uses fluorescent 
X-rays have been established. Hexavalent chromium Cr(VI) is 
more likely to be contained in a chemical conversion coating 
that is applied to a surface of a metal member (such as a 
screw) that is used for an electronic instrument, for the pur 
pose of preservation, decoration, or the like. Analysis of 
hexavalent chromium is usually executed by procedures of a 
pretreatment that extracts (elutes) hexavalent chromium from 
a material and a quantitative analysis of an extracted hexava 
lent chromium (see, for example, Japanese Laid-Open Patent 
Application No. 2006-064.475). 
0005. However, there is a problem in that it is not possible 
to quantify a concentration by weight of a contained Sub 
stance because it is not possible to obtain a rate of extraction 
of a weight of a coating itself in an extraction method. 
0006. On the other hand, a method for scraping off a coat 
ing part to be analyzed onto apolished sheet or a polished film 
(see, for example, Japanese Patent No. 494.6652 (Japanese 
Laid-Open Patent Application No. 2008-309730) or Japanese 
Laid-Open Patent Application No. 2011-144943) and a 
method for rubbing a sample surface with a file with a con 
cavo-convex surface provided by metal vapor deposition to 
cause a sample to adhere to a recess of the file (see, for 
example, Japanese Laid-Open Patent Application No. 2000 
338013) have been known as methods for sampling a coating. 
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0007. However, there is a problem in a publicly-known 
scraping-off method in that it is difficult to control a depth of 
scraping off and an underlying member (metal material) is 
also scraped off. 

SUMMARY 

0008 According to an aspect of the embodiments, a sam 
plingjig that samples a coating formed on a Substrate includes 
a sampler that has a convex sampling Surface with a prede 
termined curvature, wherein the sampling Surface has a con 
tact surface that contacts the coating to hold a sampled coat 
ing and a recess formed on the contact surface, wherein a 
Surface area of the contact surface is greater than a Surface 
area of the recess, and wherein a hardness of the sampler is 
higher than a hardness of the coating. 
0009. The object and advantages of the invention will be 
realized and attained by means of the elements and combina 
tions particularly pointed out in the claims. 
0010. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1A and FIG. 1B are diagrams that illustrate a 
configuration example of a sample as a target for a quantita 
tive analysis. 
0012 FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D are sche 
matic diagrams that illustrate sampling of a coating by using 
a sampling jig in an embodiment. 
(0013 FIG. 3A and FIG. 3B are diagrams that illustrate 
Surface roughness of a sampling Surface in an embodiment. 
0014 FIG. 4A and FIG. 4B are diagrams that illustrate a 
relationship between a radius of curvature of a sampling 
Surface and a sampling amount. 
(0015 FIG. 5A and FIG. 5B are diagrams that illustrate a 
relationship between Surface roughness and a sampling 
amount. 

0016 FIG. 6A is a diagram that illustrates a relationship 
between a radius of curvature of a sampling Surface with a 
different Surface roughness and a sampling amount and FIG. 
6B is a diagram that illustrates a relationship between surface 
roughness at a different radius of curvature and a sampling 
amount. 

(0017 FIG. 7A and FIG. 7B are diagrams that illustrate 
desirable ranges of a radius of curvature and Surface rough 
ness for sampling. 
(0018 FIG. 8A, FIG. 8B, and FIG. 8C are diagrams that 
illustrate an example of a recess that is formed on a sampling 
Surface. 

0019 FIG. 9A, FIG.9B, FIG. 9C, and FIG. 9D are dia 
grams that illustrate a state of a sampling Surface in a case 
where a sample coating is sampled by a sampling jig in an 
embodiment, wherein FIG. 9A is an optical microscope 
image of an entire sampling surface, FIG. 9B is an SEM 
image of a sampling Surface, FIG. 9C is a cross-sectional 
SEM image (at a site where a coating is not attached), and 
FIG. 90 is a cross-sectional SEM image (at a site where a 
sampled coating is attached). 
(0020 FIG. 10A and FIG. 10B are diagrams that illustrate 
a state of peeling of a film to be sampled from an underlying 
member, where FIG. 10A is a schematic diagram of a state of 
peeling and FIG. 10B is a cross-sectional TEM image. 
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0021 FIG. 11A and FIG. 11B are diagrams (an XPS spec 
trum) for confirming and providing evidence that it is possible 
to separate a coating by a sampling jig in an embodiment 
without incorporating an underlying member component. 
0022 FIG. 12A and FIG. 12B are diagrams (an XRD 
diffraction pattern) for confirming and providing evidence 
that it is possible to separate a coating by a sampling jig in an 
embodiment without incorporating an underlying member 
component. 
0023 FIG. 13 is a diagram that illustrates materials of a 
sampling jig and a characteristic thereof. 
0024 FIG. 14 is a flowchart of a quantitative analysis 
method that uses a sampling jig in an embodiment. 
0025 FIG. 15A and FIG. 15B are diagrams that illustrate 
an example of a quantitative analysis in FIG. 14 and calcula 
tion of a concentration by weight. 
0026 FIG. 16 is a diagram that illustrates a quantitative 
result of the quantitative analysis method in FIG. 14. 
0027 FIG. 17 is a diagram that illustrates a relationship 
between a film thickness of a coating and a sampling amount. 
0028 FIG. 18 is a diagram that illustrates a relationship 
between a concentration of Cr and an intensity of radiation 
rays used for quantitation of Cr. 
0029 FIG. 19A, FIG. 19B, and FIG. 19C are diagrams that 
illustrate a configuration example of a sampling jig. 
0030 FIG.20A, FIG.20B, and FIG.20C are diagrams that 
illustrate another configuration example of a sampling jig. 

DESCRIPTION OF EMBODIMENTS 

0031. An embodiment of the invention will be described 
below, with reference to the drawings. An embodiment pro 
vides a sampling jig in Such a manner that it is possible to 
separate a coating as a target for analysis from a sample 
Substrate effectively, and a quantification method and an 
analysis system that uses the same. 
0032 FIG. 1A and FIG. 1B are cross-sectional diagrams 
of a sample 10 with a chemical conversion coating 13 as a 
target for quantitative analysis formed thereon and a diagram 
that illustrates a chemical configuration example of the 
chemical conversion coating 13. The chemical conversion 
coating 13 is formed on a metal Substrate 11 via a plating film 
12. This chemical conversion coating 13 is a target for quan 
titative analysis. 
0033. The chemical conversion coating 13 is a chromate 
film 13 that is formed for the purpose of, for example, pres 
ervation or decoration. A chromate film is a composite 
hydrated oxide coating that is based on trivalent chromium 
(Cr") and hexavalent chromium (CrO, or HCrO, or the 
like), as schematically illustrated in FIG. 1B. A part coated by 
a chromate film contains hexavalent chromium, and hence, is 
a regulation target under the EU-RoHS directive. 
0034. In a case where hexavalent chromium in the chemi 
cal conversion coating 13 is analyzed by a conventional 
chemical analysis method, the chemical conversion coating 
13 is treated together with a substrate (the metal substrate 11 
and the plating film 12). For example, a quantification value is 
obtained by dipping an entire sample 10 into an elution fluid 
and measuring an amount of eluted Cr(VI) per a unit Surface 
area. In this method, it is not possible to quantify a concen 
tration by weight (ppm, wt %, or the like) that is a regulation 
unit under the RoHS directive. That is because the weight of 
a chemical conversion coating is not obtained and hence it is 
also not possible to calculate a weight ratio of Cr contained 
therein. Furthermore, a component of the plating film 12 or 
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the metal substrate 11 may also be eluted together with a 
component of the chemical conversion coating 13, and it is 
not possible to ensure an accuracy of measurement. 
0035. In order to obtain a concentration by weight of a 
Substance in a solid, it is necessary to acquire a weight of a 
sample that is a basis of calculation of a concentration by 
weight (a denominator). In a case where a coating formed on 
a Substrate is analyzed, a method that samples only a coating 
effectively is desired so as not to incorporate a substance other 
than the coating. 
0036) <Sampling of a Coating> 
0037 FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D are sche 
matic diagrams that illustrate a technique for sampling the 
coating 13 from the sample 10 by using a sampling jig 20 in 
an embodiment. FIG. 2A is a side view of the sampling jig 20 
and FIG. 2B-FIG. 2D illustrate a sampling procedure. 
0038. The sampling jig. 20 has a sampler 21 and a holder 25 
that holds the sampler 21. The holder 25 is provided to facili 
tate handling thereof but is not an essential component. A 
shape of the holder 25 is not limited to a cylinder (stick) shape 
as illustrated in the figure and it is possible to provide an 
arbitrary shape Such as a taper shape or a flange shape. 
0039. The sampler 21 is formed of a material with a high 
chemical resistance and a hardness higher than that of a 
coating that is a target for analysis, and has a sampling Surface 
24 as a convex curved surface with a predetermined curva 
ture. The sampling Surface 24 includes a contact surface 22 
that contacts a sample to hold a sampled coating and a fine 
recess 23 formed in a direction of a depth from the contact 
Surface 22. A Surface area of the contact Surface 22 is greater 
than a Surface area of the recess so as to have a strong adhe 
sion property to a coating. 
0040. A curvature of a convex shape of the sampling sur 
face 24 is appropriately set in a range of SR 5-SR 500 mm. 
Herein, SR is a radius of a spherical surface defined in JIS Z 
8317, pp. 12. It is desirable to be curved at a certain level of 
curvature in order to separate the chemical conversion coating 
13 from the sample 10 efficiently. However, it is desirable for 
a sampling Surface to be as flat as possible in a case where a 
coating adhering to the sampling Surface 24 is directly Sub 
jected to radiation exposure analysis such as X-ray fluores 
cence (XRF) analysis. Therefore, it is possible to peel a coat 
ing (for example, the chemical conversion coating 13) from 
the sample 10 efficiently and a range as described above is 
Suitable as a range capable of a radiation exposure analysis. 
0041 As described below, an amount that is capable of 
being sampled by the sampler 21 also relates to a depth 
(Surface roughness) of the recess 23 formed on the sampling 
Surface 24 and a distribution thereof. In a practical example, 
a curvature of a sampling surface is SR 5-SR 300, preferably 
SR5-SR 50. Furthermore, in a case where a sampling surface 
is measured to weigh a sampling weigh or a total amount of 
chromium is quantified, or the like, it is desirable for a surface 
area of the sampling Surface 24 to be less than or equal to a 
Surface area of a measurement area of an analyzing device to 
be used. 
0042. As an example, the sampler in FIG. 2A is a quartz 
glass with a diameter of 5 mm and the curvature of the 
sampling Surface 24 is SR 35. In this case, the sampling 
surface 24 has a curved surface with a radius of 35 mm. 
0043. In a case where sampling is executed by using the 
sampling jig 20, the sampler 21 is pressed against a Surface of 
the sample 10 as illustrated in FIG.2B. Because the sampling 
Surface 24 is convex at a predetermined curvature, the chemi 
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cal conversion coating 13 engages an edge of a boundary 
between the contact surface 22 and the recess 23. 
0044 As illustrated in FIG. 2C, a predetermined area of 
the surface of the sample 10 is scanned by the sampler 21 
while the sampling Surface 24 of the sampler 21 is pressed 
against a surface of the chemical conversion coating 13. Due 
to this movement, the coating 13 peels off near an interface 
with the plating film 12 as an underlying member. 
0045. Subsequently, as the sampler 21 is lifted up from the 
sample 10 as illustrated in FIG. 2D, the chemical conversion 
coating 13 is separated from the plating film 12 on a condition 
that it adheres to the contact surface 22 of the sampler 21. For 
example, in a case where the sample 10 is a preserved screw, 
a Zinc plating 12 is applied to an iron Substrate 11 and a 
chromate film 13 is formed on the zinc plating 12. A film 
thickness of the chromate film 13 is sub um-10 several um. It 
is possible to separate only the chromate film 13 over a 
Sufficient area by contacting the sampling Surface 24 of the 
sampling jig 20 in FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D 
with a head of a screw, applying a weight of about 300 g to the 
sampling jig 20, and Scanning the head of the Screw uni 
formly. 
0046 FIG. 3A and FIG. 3B are diagrams that illustrate a 
Surface roughness of the sampling Surface 24 of the sampler 
21. A “surface roughness” referred to herein refers to an 
average height of a roughness curve (a height between a peak 
and a valley) in a profile curve acquired from a 3D-SEM 
(3-dimensional Scanning Electron Microscopy) image (see 
JIS B0601, JIS B0651). FIG. 3A is a 3D-SEM image of the 
sampler 21 in an embodiment and FIG. 3B is a profile curve 
obtained from such a 3D-SEM image. In FIG. 3B, a longitu 
dinal axis is a seismic intensity um and a transverse axis is 
a path length um. In an embodiment, profile curves are 
acquired at a plurality of sites on a sampling Surface and a 
numerical value obtained from an average value for represen 
tative two sites is used as a 'surface roughness” of the sam 
pling Surface 24. 
0047 FIG. 4A and FIG. 4B are diagrams that illustrate a 
relationship between a curvature of the sampling Surface 24 
with a Surface roughness of 0.5um and a sampling amount. In 
FIG. 4A, a transverse axis of a graph represents a curvature 
(SR) of the sampling Surface 24 and a longitudinal axis rep 
resents a sampling amount per a unit Surface area. 
0.048. In FIG. 4A, a sampling amount is a maximum in a 
case where a curvature (SR) is a certain value, and decreases 
as it is greater or less than the same. As illustrated in FIG. 4B, 
this is because, as a curvature SR of a sampling Surface is 
Small, a curve is strong, wherein pressure against a sampled 
film 13 is large but a contact Surface area is Small so that a 
sampling amount is little. On the other hand, as a curvature 
SR is large, a curve is gentle, wherein a contact surface area is 
large but a pressure is Small so that a samplingamount is little. 
From this matter, it is possible to understand that a curvature 
or a radius of curvature is present such that a pressure against 
and a contact Surface area for the sampled film 13 are opti 

l 

0049 FIG. 5A and FIG. 5B are diagrams that illustrate a 
relationship between a Surface roughness of the sampling 
surface 24 with SR of 35 mm and a sampling amount. In 
FIG. 5A, a transverse axis of a graph represents Surface 
roughness of a sampling Surface and a longitudinal axis rep 
resents a sampling amount per unit Surface area. 
0050. In FIG. 5A, a sampling amount is a maximum in a 
case where Surface roughness is a certain value and decreases 
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as it is greater or less than the same. As illustrated in FIG.55, 
this is because, as Surface roughness is Small, a contact Sur 
face area for the sampled film 13 increases to improve a 
holding property, but engagement is weak so that a sampling 
amount is little. On the other hand, as Surface roughness is 
large, engagement is strong, but a contact surface area for the 
sampled film 13 is Small so as to degrade a holding property. 
From this matter, it is possible to understand that surface 
roughness is present Such that engagement with and a holding 
property for the sampled film 13 are optimum. 
0051 FIG. 6A illustrates a sampling amount as a function 
of a curvature (SR) at a variety of Surface roughnesses and 
FIG. 6B illustrates a sampling amount as a function of a 
Surface roughness at a variety of curvatures (SR). 
0.052 A tendency in FIG. 4A and FIG. 4B, that is, a ten 
dency of a sampling amount being maximum at a curvature 
(SR) where pressure againstanda contact Surface area for the 
sampled film 13 are optimum applies regardless of large or 
Small Surface roughness. An aspect of a change of a sampling 
amount as a function of a curvature does not change even 
when a value of Surface roughness is changed. Therefore, a 
sampling amount is measured at a certain curvature and a 
certain Surface roughness so that it is possible to interpolate a 
change of a sampling amount at Such a surface roughness. 
0053. In FIG. 6A, changes of a sampling amount at surface 
roughnesses of 0.3 um and 0.8 um are interpolated based on a 
change of a samplingamount as a function of a curvature (SR) 
at a surface roughness of 0.5um. 
0054 Similarly, a tendency in FIG.5, that is, a tendency of 
a sampling amount being maximum at a surface roughness 
where engagement with and a holding property for the 
sampled film 13 are optimum applies regardless of a large or 
Small curvature of the sampling Surface 24. An aspect of a 
change of a sampling amount as a function of Surface rough 
ness does not change even when a value of curvature or radius 
of curvature is changed. Therefore, a sampling amount is 
measured at a certain Surface roughness and a certain curva 
ture or radius of curvature so that it is possible to interpolate 
a change of a sampling amount at Such a curvature or radius of 
Curvature. 

0055. In FIG. 6B, changes of a sampling amount at curva 
tures of SR 25 and SR 45 are interpolated based on a change 
of a sampling amount as a function of Surface roughness at a 
curvature of SR 35. 
0056 FIG. 7A is a diagram that illustrates a good range of 
curvature of the sampler 21 and FIG. 7B is a diagram that 
illustrates a good range of Surface roughness of the sampler 
21. The sampler 21 used herein is such that a diameter is 5 mm 
and a surface area of the sampling surface 24 is 20 mm. A 
reason why a diameter of the sampler 21 is 5 mm is that an 
XRF device with a radiation exposure area (namely, an X-ray 
fluorescence analysis area) that is an elliptical shape of 4.5 
mmx6.0 mm is used for measuring a Surface of a sampling 
surface by X-ray fluorescence (XRF) to obtain a sampling 
weight and a total amount of chromium and hence the sam 
pling Surface 24 falls within Such a radiation exposure ellip 
tical area. It is possible to determine a diameter of the sampler 
21 appropriately depending on a radiation area for a used 
measurement device. 
0057. A shape of a sampling surface (optimum ranges of 
curvature and Surface roughness) is considered that is neces 
sary for a case where a sampled chromate coating is dissolved 
in an alkaline fluid of EPA3060A (95°C./60 minutes), sub 
sequently provided as a solution thereof, and quantitatively 
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analyzed by a colorimetric method under SPA7196A to mea 
Sure a concentration of hexavalent chromium in the coating. A 
commonly-used chromate film contains about 4 wt % of 
hexavalent chromium. An amount of sample being greater 
than or equal to 10 ug is usually needed in order to detect 
hexavalent chromium in Such a chromate film. 
0058. In FIG. 7A, a range of curvature where it is possible 

to sample 10 ug or more of a chromate film is SR 5-SR 50 in 
a case where the sampler 21 with a surface roughness of 0.5 
um is used. A range of curvature where it is possible to sample 
10 ug of a chromate film at a certain level regardless of a large 
or small surface roughness is SR 12-SR 41. 
0059. In FIG. 7B, a range of surface roughness where it is 
possible to sample 10 ug or more of a chromate film is 0.1- 
0.85um in a case where the sampler 21 with a curvature of SR 
35 is used. A range of Surface roughness where it is possible 
to sample 10ug of a chromate film at a certain level regardless 
of a large or small curvature is 0.17 um-0.77 um. 
0060 FIG. 8A, FIG.8B, and FIG. 8C illustrate a configu 
ration example of the sampling Surface 24. A sampling Sur 
face 24A in FIG. 8(A) has dents 23a formed at random. A 
cross-sectional shape of the dent 23a is arbitrary and may be 
a U-shape, a V-shape, or a hemispherical shape. In a case 
where the sampler 21 with a diameter of 5 mm and a curvature 
of SR 35 is used, a surface is roughened by an abrasive grain 
with a grain size of #600 in Such a manner that a surface area 
of the contact Surface 22 is greater than a Surface area of the 
dents 23a, and thereby, it is possible to provide a surface 
roughness of 0.1-0.85um. 
0061 Because it is sufficient for the sampling surface 24A 
to be roughened so as to have an edge that engages a Surface 
of the chemical conversion coating 13 of the sample 10, a 
configuration in FIG. 8B or FIG. 8C may be employed in 
replacement of the dents 23a provided by an abrasive grain. 
0062. A sampling surface 24B in FIG.8B has fine grooves 
23b with a grid shape. A cross-sectional shape of a groove is 
arbitrary and may be a U-shape, a V-shape, or a hemispherical 
shape. In this case, a width or space of the fine groove 23b is 
also selected Suitably in Such a manner that a surface area of 
the contact Surface 22 is greater than a Surface area of the fine 
grooves 23b. A depth of the groove 23b is 0.1-0.85um. 
0063 A sampling surface 24C in FIG. 8C has fine grooves 
23c with a stripe shape. A cross-sectional shape of the fine 
groove 23c is similar to a case of FIG. 8B and a surface area 
of the contact Surface 22 is greater than a Surface area of the 
fine grooves 23c. The recess 23 of the sampling surface 24 is 
not limited to these examples. Because it is sufficient to form 
an edge that engages the chemical conversion coating 13 as a 
target, it is possible to form an arbitrary groove portion Such 
as a wave pattern, a mesh pattern, or a polygonal pattern by 
laser processing or the like. Furthermore, a Surface may be 
roughened by using an abrasive grain with a size dependent 
on purpose. 
0064 FIG.9A, FIG.9B, FIG.9C, and FIG.9D illustrate a 
sampling State where the sampling jig 20 in an embodiment is 
used. FIG. 9A is an optical micrograph of the sampling Sur 
face 24 of the sampler 21 immediately after the chromate film 
13 is sampled. The chromate film 13 is attached to the sam 
pling surface 24 all over and is centered at a vertex thereof. 
This indicates that it is possible to separate a certain amount 
of the chromate film 13 from the sample 10 stably. 
0065 FIG.9B is an SEM image of the sampling surface 24 
with the chromate film 13 attached thereto. A flat and smooth 
surface of the chromate film 13 is observed that is attached to 
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a sampling surface. It is found that the chromate film 13 is 
fairly peeled off from a substrate (that includes the metal 
Substrate 11 and the plating film 12) by using the samplingjig 
20 in an embodiment. 
0.066 FIG.9C is a cross-sectional SEM image of the sam 
pler 21 before sampling and FIG.9D is a cross-sectional SEM 
image of the sampler 21 after sampling. From FIG. 9C, it is 
found that fine recesses are formed on a surface of the sampler 
21. In FIG. 9D, a state is observed such that a chemical 
conversion coating (chromate film) is attached to the sam 
pling Surface 24 of the sampler 21 while keeping a film shape 
thereof. 
0067 FIG. 10A and FIG. 10B are diagrams that illustrate 
confirmation of a location of peeling off (a location of an 
element distribution observation) by STEM (Scanning Trans 
mission Electron Microscopy) element mapping. As illus 
trated in FIG.10(A), a part of the chromate film 13 formed on 
the Zinc plating film 12 on the iron (Fe) substrate 11 is peeled 
off by the sampler 21. After peeling off, an element distribu 
tion of Cr, Zn, or Fe is observed at a location of peeling off. 
0068. From FIG. 10B, it is found that the chromate film 13 

is peeled off at an interface of the Zinc plating film 12. 
0069 FIG. 11A, FIG. 11B, FIG. 12A, and FIG. 12B are 
diagrams for confirming and providing evidence that the 
chromate film 13 sampled by the sampling jig 20 in an 
embodiment does not contain a component of the underlying 
plating film 12, that is, is separated from an interface of the 
Zinc plating film 12. FIG. 11A is a diagram that illustrates an 
X-ray photoelectron spectroscopy (XPS) measurement area 
of the sampled chromate film 13 and FIG. 11B is a diagram 
that illustrates a Zn LMM peak in an XPS spectrum. 
0070 If the underlying zinc (Zn) plating film 12 were 
scraped off by using the sampling jig 20 in an embodiment, a 
peak of Zn should appear in an XPS spectrum. A peak of 
metallic zinc (Zn) should appear at 494.4 eV and a peak of 
Zinc oxide (ZnO) should appear at 497.6 eV. However, a peak 
of Zn or ZnO is not produced as is clear from a spectrum in 
FIG 11B. 
0071. On the other hand, a peak of Zn(OH) produced in 
the chromate film 13 in a process for forming the chromate 
film 13 on the zinc plating film 12 appears at 499.4 eV as a 
main peak. Similarly, ZnCrO produced in a process for for 
mation of the chromate film 13 appears at 496.4 eV as a 
shoulder (shoulders) in a spectrum thereof. From this spec 
troscopic result, it is found that only the chromate film 13 as 
a target is sampled and the underlying plating film 12 or the 
metal substrate 11 is not sampled. 
0072 FIG. 12A is a diagram that illustrates an X-ray dif 
fraction (XRD) area of the sampled chromate film 13 and 
FIG. 12B is a diagram that illustrates an XRD pattern of the 
sampled chromate film 13 as compared with an XRD pattern 
of metallic zinc. A whole of the sampling surface 24 of the 
sampling jig 20 is a target area for XRD. 
0073. If a sampled film were contaminated with a compo 
nent of the underlying plating film 12, peaks of plane orien 
tations (002), (100), (101), and (102) of metallic zinc should 
appear at 20–36.3°, 39.0°, 43.2°, and 54.3°, respectively, as 
illustrated in an upper comparative pattern in FIG.12B. How 
ever, a diffraction peak of Zinc does not appear with respect to 
a separation film (CCC film: Chemical Conversion Coating 
film) as is clear from a lower diffraction pattern in FIG. 12B. 
(0074. From results of the XPS analysis in FIG. 11A and 
FIG. 11B and the XRD analysis in FIG. 12A and FIG. 12B, it 
is found that the sampled chemical conversion film (chromate 
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film) 13 does not contain a component of the underlying 
plating film 12. Any of detected Zn compounds (Zn(OH), and 
ZnCrO4) is a component of the chemical conversion coating 
(chromate film) 13 as a target. It is found that the chemical 
conversion coating 13 is effectively separated from the under 
lying plating film 12 and analyzed by using the sampling jig 
20. 

0075 FIG. 13 is a diagram that illustrates a material selec 
tion standard for the sampler 21 of the sampling jig. 20. It is 
desirable for the sampler 21 to be of a material with a hardness 
higher than that of the chemical conversion coating 13 in 
order to separate the chemical conversion coating 13 as a 
target from an underlying member (Such as a plating layer 12) 
effectively. Furthermore, it is desirable to be a material with a 
chemical resistance such that it is possible to resistan acid or 
a base sufficiently. Moreover, it is desirable to be a material 
with a high hydrophilic property and adhesion property Such 
that it is possible to attach to and stably hold onto the contact 
Surface 22, the chemical conversion coating 13 as a target. 
That is because the chemical conversion coating 13 usually 
contains moisture and hence it is possible to hold the sepa 
rated chemical conversion coating 13 stably by using a mate 
rial with a high hydrophilic property. 
0076 Although it is desirable to use a quartz glass or a 
Sapphire glass from these viewpoints, a material of the Sam 
pler 21 is not limited to Such an example and it is possible to 
use an arbitrary glass with a chemical resistance such as a 
borosilicate glass. In a case where quartz glass is used, a 
treatment for improving a hydrophilic property may be 
applied to a Surface. For a Surface modification process for 
improving a hydrophilic property, there is provided a chemi 
cal treatment such as acid washing, excimer laser irradiation, 
or the like. Due to these processes, an OH group is introduced 
onto a surface of the sampler 21 to improve a hydrophilic 
property thereof. For another example of a surface modifica 
tion process, a Surface may be coated with a stable material 
that has a Superhydrophilic function, such as a TiO-based 
photocatalyst. For a Surface modification process for improv 
ing an adhesion property of the sampler 21, it is considered 
that a Surface area is increased by a scientific or physical 
process. 

0.077 
0078 FIG. 14 is a flowchart of a quantitative analysis 
method that uses the sampling jig 20 in an embodiment. 
0079 At S101, a plurality of kinds of sampling jigs 20 or 
samplers 21 that have different parameters are preliminarily 
prepared, and a sampling amount is caused to correspond to 
parameters such as curvature, Surface roughness, a Surface 
area of a sampling Surface, and hardness of a sampler for each 
sampling jig 20 or each sampler 21. A relationship of corre 
spondence may be stored in a sampler database. A sampling 
amount that is capable of being sampled by one-time Sam 
pling is different depending on a parameter Such as curvature, 
Surface roughness, or a surface area of a sampling Surface, of 
the sampler 21. Furthermore, a height necessary for a sampler 
is also different depending on a kind of coating. Because a 
shape, a size, a surface condition, and hardness of the sampler 
21 and the like are present that are suitable for obtaining a 
desired sampling amount of a desired coating, these param 
eters are preliminarily caused to correspond to a sampling 
amount, and thereby, it is possible to select an optimum 
sampler 21. 

<A Quantitative Analysis Methods 
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0080. At step S102, a quantitative analysis method is 
selected. A minimum sampling amount necessary for analy 
sis is different depending on a quantitative analysis method. 
I0081. At step S103, a sampling amount necessary for a 
selected quantitative analysis method is determined. Herein, 
a necessary sampling amount may preliminarily be caused to 
correspond thereto and stored in a database for each analysis 
method. In this case, a sampling amount necessary for a 
selected analysis method is selected with reference to a data 
base. 
I0082. At step S104, the sampling jig 20 or the sampler 21 
Suitable for acquiring a necessary sampling amount is deter 
mined with reference to a sampler database. 
I0083. At S105, the weight of the selected sampling jig 20 
or sampler 21 is measured prior to sampling. The weight of 
each sampling jig 20 or sampler 21 may preliminarily be 
measured and stored in a database. The weight of the sam 
pling jig 20 or sampler 21 is measured by, for example, a 
microbalance (micro-balance) method. 
I0084. At step S106, a chemical conversion coating (a chro 
mate film in this example) is sampled from a sample by using 
the selected Sampling jig. 20. The sampling Surface 24 of the 
sampling jig 20 is pressed against a sample Surface and scans, 
for example, an area of 2 cmx2 cm so that it is possible to 
attach only a chemical conversion coating to the contact Sur 
face 22 of the sampling jig. 20. 
I0085. As step S107, a weight of a sampling jig with a 
chemical conversion coating attaching thereto is measured by 
a microbalance method and a Weight of a sampling jig as 
measured at S105 is subtracted therefrom to obtain a weight 
difference. This weight difference corresponds to a weight of 
a sampled chromate film. 
I0086. At S108, a weight of Cr(VI) is quantified by a 
selected quantitative analysis method. 
I0087. At S109, a concentration by weight of Cr(VI) is 
calculated. That is, a weight of Cr(VI) as obtained at S108 is 
divided by a weight of a chromate film as obtained at S107. 
and thereby, it is possible to obtain a concentration by weight 
(wt %) of hexavalent chromium in a coating. 
0088 FIG. 15A illustrates a flow in a case where a chemi 
cal analysis method is used as a quantitative analysis method 
at S108 in FIG. 14. In this case, a weight of Cr(VI) is quan 
tified at S201 in FIG. 15A, subsequently to S107 in FIG. 14. 
For a chemical analysis method, it is possible to use an arbi 
trary technique Such as an alkali elution. The sampling jig 20 
samples only a chromate film from a sample. Because the 
sampler 21 itselfhas a chemical resistance against most acid 
alkaline solution, it is possible to dissolve all of a sampled 
chromate film without causing a change of Valence of Cr. 
Among components of a dissolved chromate film, hexavalent 
chromium Cr(VI) is caused to produce luminescence in selec 
tively combination with diphenylcarbazide, and absorbance 
is measured by using a commercially available absorptiom 
eter. Content of Cr(VI) (ug) is proportional to absorbance in 
the range of 0.2 ppm. Therefore, it is possible to obtain a 
weight of dissolved Cr(VI) from a measured absorbance by 
using a calibration curve that is prepared by preliminarily 
measuring a sample with a known content of Cr(VI). 
I0089. Then, at S109A Subsequent to S201, a concentration 
by weight of Cr(VI) in a chemical conversion coating is 
calculated. That is, a concentration by weight of Cr(VI) is 
calculated from a weight of hexavalent chromium (Cr(VI)) as 
obtained at step S201 and an amount of a sample as obtained 
at S105. 
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0090. It is possible for this method to quantify concentra 
tion by weight of a particular component in a sampled coating 
as a simple testing method. 
0091 FIG. 15B illustrates a flow in a case where an X-ray 
fluorescence (XRF) analysis method and an X-ray photoelec 
tron spectroscopic (XPS) analysis method are used in com 
bination as a quantitative analysis method at S108 in FIG. 14. 
In this case, quantification of total Cr is executed at S301 in 
FIG.15B subsequently to S107 in FIG. 14. A chromate film is 
held on a condition that it is attached to the sampling jig 20 
and a surface of the chromate film is irradiated with X-rays, 
wherein an intensity of X-ray fluorescence (Cr-KC. line) emit 
ted from Cr is measured to execute quantification of total 
chromium. Because a total weight of chromium is propor 
tional to an intensity of the Cr-KC, line, a total concentration 
by weight of Crwt % is obtained from a measured intensity 
by using a preliminarily prepared calibration curve (see FIG. 
18). Because the sampling jig 20 or the sampler 21 is selected 
so that a Surface area of the sampling Surface 24 is present 
within a range of a measurement area of an X-ray fluores 
cence measurement device, it is possible to obtain a total 
weight of Cr contained in a sampled chromate film directly 
and accurately. Herein, quantification of a calibration curve 
by XRF may be executed for a total weight of Cr or total 
concentration by weight of Cr. In a case where a total weight 
of Cr is quantified, it is possible to calculate a total concen 
tration by weigh of Crby dividing an obtained total weight of 
Crby a weight of a chromate film as measured at S107 in FIG. 
14. 

0092. Then, at S302 subsequent to S301, a ratio of triva 
lent chromium Cr(III) and hexavalent chromium Cr(VI) is 
investigated by X-ray photoelectron spectroscopic (XPS) 
analysis and a ratio (Cr(VI)/total Cr) of hexavalent chromium 
to a total of chromium (Cr(III)+Cr(VI)) is obtained. It is 
possible to obtain Cr(VI)/total Crby a publicly known X-ray 
photoelectron spectroscopic (XPS) analysis method. For 
example, hexavalent chromium that is eluted with hot water 
or eluted with an alkali from a sampled sample is caused to 
produce luminescence in selectively combination with diphe 
nylcarbazide and absorbance is measured by using a commer 
cially available absorptiometer so that a ratio of trivalent 
chromium and hexavalent chromium is determined. Cr(VI)/ 
total Cr is calculated from a determined ratio. 

0093. At S109B, a concentration by weight of Cr(VI) in a 
chemical conversion coating is calculated. That is, a weight or 
concentration by weight of Cr(VI) contained in a chemical 
conversion coating is obtained based on a total weight or 
concentration by weight of Cras obtained at step S301 and a 
ratio of Cr(VI)/total Cr as obtained at step S302. In a case 
where a total weight of Cr is quantified at S301, a weight of 
Cr(VI) as obtained from a ratio at S302 is divided by a weight 
of a sampled chromate film. In a case where a total concen 
tration by weight of Cr is quantified at S301, a concentration 
by weight of Cr(VI) is directly calculated based on a ratio at 
S302. 

0094. According to this method, it is possible to determine 
a concentration by weight of Cr(VI) in a chemical conversion 
coating as a simple technique and it is possible to readily 
determine whether or not an electronic component complies 
with the EU-RoHS standard. It is possible to sample an arbi 
trary coating and quantify a concentration by weight of an 
element in the coating as well as an element regulated by the 
EU-ROHS. 
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0095 FIG. 16 is a table that illustrates a measurement 
result of a sampling amount (acquisition amount) and a con 
centration by weight of Cr(VI) and a Cr(VI)/total Crina case 
where a black chromate and a yellow chromate were practi 
cally sampled and analyzed by using the samplingjig 20 (with 
a diameter of 5 mm, a curvature of SR 35, and a surface 
roughness of 0.5um) in an embodiment. 
0096. A sample was prepared by coating an iron plate with 
a Zinc plating applied thereto with each of two kinds of 
chromate films (a black chromate film and a yellow chromate 
film). A surface area of a top surface of the sample was 5 cmx5 
cm and a thickness of an iron Substrate was 1 mm, while a 
thickness of a Zinc plating film was 3 um and a film thickness 
of the chromate film was 1 Lum. 
0097 Sampling and measurement were executed three 
times for each of the black chromate film and the yellow 
chromate film. A sampling amount of the black chromate film 
(an amount for attachment to the sampling Surface 24) was 
within a range of 39.4-61.1 ug and an average weight thereof 
was 52.5ug. As a result of obtaining a concentration of Cr(VI) 
for each sample, an average concentration by weight thereof 
was 3.1 wt %. A proportion of Cr(VI) to total Cr was 16%. 
0098. Similarly, a sampling weight of the yellow chromate 
film (an amount for attachment to the sampling Surface 24) 
was within a range of 18.2-19.1 g and an average weight 
thereof was 18.7 ug. As a result of obtaining a concentration 
of Cr(VI) for each sample, an average concentration by 
weight thereof was 5.0 wt %. A proportion of Cr(VI) to total 
Cr was 30%. 

(0099. Because published values of Cr(VI)/total Cr with 
respect to a general black chromate film and yellow chromate 
film are 15% and 20-30%, respectively, it is found that a 
quantification method in an embodiment has high precision. 
0100 FIG. 17 is a graph that illustrates a relationship 
between a film thickness of chemical conversion coating and 
a sampling weight. While ten of each of three kinds of 
samples were prepared wherein film thicknesses of chromate 
films were 0.1 um, 0.4 um, and 1.4 um, a chromate film was 
sampled from each sample by using the sampling jig 20 and a 
sampling amount thereof was measured. An average sam 
pling amount for ten-times sampling with respect to each film 
thickness was obtained and plotted as a function of the film 
thickness. 

0101. As is clear from FIG. 17, it is found that a weight of 
a chromate film to be sampled and a film thickness of the 
chromate film has a linear relationship. This result is also a 
basis for indicating that a chromate film is separated from an 
interface of an underlying plating layer. 
0102 FIG. 18 is a graph (a calibration curve) provided by 
preparing a plurality of each of two kinds of samples having 
different Cr concentrations and plotting a relationship 
between a total concentration of Cr contained in the samples 
(wt %) and an intensity of Cr-KC. line in XRF. A quantifica 
tion value at S301 in FIG. 15B is used as a total concentration 
of Cr (wt %). A content of hexavalent chromium Cr(VI) may 
be obtained at S302 when a concentration by weight in a case 
where a total amount of chromium is quantified by using this 
XRF calibration curve is greater than or equal to a predeter 
mined value, that is, an intensity of a measured Cr-KO. line is 
greater than or equal to a predetermined value. That is 
because it is considered that content of hexavalent chromium 
is also Small in a case where a total amount of chromium in a 
sampled chemical conversion coating is Small. For one 
example, going to step S302 for detecting hexavalent chro 
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mium may be executed in a case where a total concentration 
of detected chromium is greater than or equal to 1.0 wt %. 
0103) <A Configuration of a Sampling Jigs 
0104 FIG. 19A, FIG. 19B, and FIG. 19C are a configura 
tion example of a sampling jig 20A. In a case where a differ 
ence between a weight before sampling and a weight after 
sampling is obtained to obtain a weight of a sampled chro 
mate film at step S107 in FIG. 14, it is desirable to measure a 
weight difference by a single sampler 21 in order to improve 
measurement precision. Furthermore, in a case where curva 
ture or Surface roughness of the sampler 21 is selected 
depending on a needed sampling amount, it is desirable for 
the sampler 21 to be replaceable. Then, the sampler 21 is 
detachable from a holder 25. 

0105. As illustrated in FIG. 19A and FIG. 19B, a base of 
the sampler 21 is inserted into the holder 25 and fixed by a 
plate spring 27. After sampling, a rod 26 is pushed to remove 
the holder 25 from the sampler 21. 
0106 FIG. 20A, FIG.20B, and FIG.20C are a configura 
tion example of a sampling jig 20B. The sampling jig 20B is 
such that an adhesive 29 is applied on a portion of a side 
surface of a sampler 21 to be fixed in a holder 25. In this case, 
materials of the holder 25 and the adhesive 29 are selected in 
such a manner that adhesive strength of the adhesive 29 for 
the sampler 21 is greater than adhesive strength of the adhe 
sive 29 for the holder 25. Similarly to FIG. 19A, FIG. 19B, 
and FIG. 19C, a rod 26 is pushed after sampling so that it is 
possible to remove the sampler 21 from the holder 21. 
0107 As described above, it is possible to sample a coat 
ing as a target from a sample effectively by using a sampling 
jig in an embodiment. Furthermore, it is possible to quantify 
concentration by weight of a Substance contained in a coating 
by a simple technique. 
0108 Furthermore, it is possible to select an optimum 
sampler 21 with a parameter Such as curvature, Surface rough 
ness, or Surface area of a sampling Surface, that is different 
depending on a sampling amount necessary for analysis, a 
spot size of an X-ray fluorescence measurement device, or the 
like. It is possible to apply a sampling jig and a quantitative 
measurement method in an embodiment to measurement of a 
concentration by weight of an element contained in an arbi 
trary chemical conversion coating as well as concentration by 
weight of Cr(VI) in a chromate film. 
0109. It is possible to separate a coating from an underly 
ing member and quantitatively analyze a component of the 
coating. 
0110 All examples and conditional language provided 
herein are intended for the pedagogical purposes of aiding the 
reader in understanding the invention and the concepts con 
tributed by the inventor to further the art, and are not to be 
construed as limitations to such specifically recited examples 
and conditions, nor does the organization of such examples in 
the specification relate to a showing of the Superiority and 
inferiority of the invention. Although one or more embodi 
ments of the present invention have been described in detail, 
it should be understood that the various changes, Substitu 
tions, and alterations could be made hereto without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. A sampling jig that samples a coating formed on a 

Substrate or an underlying plating film, comprising: 
a sampler that has a convex sampling Surface with a pre 

determined curvature; 
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wherein the sampling Surface has a contact Surface that 
contacts the coating to hold a sampled coating and a 
recess formed on the contact surface; 

wherein a surface area of the contact surface is greater than 
a Surface area of the recess, and 

whereina hardness of the sampler is higher thana hardness 
of the coating. 

2. The sampling jig as claimed in claim 1, wherein the 
sampler is formed of a material that has a chemical resistance. 

3. The samplingjigas claimed in claim 1, wherein a hydro 
philic treatment has been applied to the sampling Surface. 

4. The samplingjigas claimed in claim 1, whereina Surface 
modification treatment that improves an adhesion force has 
been applied to the sampling Surface. 

5. The samplingjigas claimed in claim 1, whereina Surface 
area of the sampling Surface is less than or equal to a surface 
area of a measurement area of an analyzing device that mea 
Sures and analyzes the sampled coating. 

6. The sampling jig as claimed in claim 1, wherein the 
recess of the sampling Surface is a dent formed on the contact 
Surface randomly. 

7. The sampling jig as claimed in claim 1, wherein the 
recess of the sampling Surface is a groove formed on the 
contact surface. 

8. The sampling jig as claimed in claim 1, further compris 
1ng: 

a holding part that holds the sampler. 
9. The sampling jig as claimed in claim 8, wherein the 

sampler is detachable from the holding part. 
10. The sampling jig as claimed in claim 1, wherein the 

predetermined curvature is SR 5 mm-SR 50 mm. 
11. A quantitative analysis method, comprising: 
preparing a sampler that has a convex sampling Surface 

with a predetermined curvature; 
causing a sampling amount that is capable of being 

sampled by the sampler to correspond to, and to be 
preliminarily stored in a database with, a curvature and a 
Surface roughness of the sampling Surface, a surface area 
of the sampling Surface, or a hardness of the sampler, or 
any combination thereof; 

determining a sampling amount for an intended quantita 
tive analysis; 

selecting a sampler depending on the sampling amount 
with reference to the database; and 

sampling a coating on a Substrate by using the selected 
sampler. 

12. The quantitative analysis method as claimed in claim 
11, further comprising: 

calculating a weight of the sampled coating from a differ 
ence between a pre-sampling weight and a post-Sam 
pling weight of the sampler, and 

quantifying a concentration by weight of a particular Sub 
stance contained in the coating based on the weight of 
the sampled coating. 

13. The quantitative analysis method as claimed in claim 
12, wherein: 

the coating is a chemical conversion coating on a metal 
Substrate; and 

the quantifying is such that a weight of the particular Sub 
stance in the coating is determined by a chemical analy 
sis method and a concentration by weight of the particu 
lar Substance contained in the coating is calculated in 
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Such a way that the weight of the particular Substance is 
divided by a weight of the sampled chemical conversion 
coating. 

14. The quantitative analysis method as claimed in claim 
12, wherein: 

the coating is a chromate film on a metal Substrate; and 
the quantifying is such that a total weight or concentration 
by weight of chromium in the chromate film is quanti 
fied by a fluorescent radiation analysis on a condition 
that the sampled chemical conversion coating is held by 
the sampler and Subsequently a concentration by weight 
of a hexavalent chromium is quantified by a chemical 
analysis method. 

15. The quantitative analysis method as claimed in claim 
14, wherein a concentration by weight of the hexavalent 
chromium is quantified in a case where the total weight of 
chromium is greater than or equal to a predetermined value. 

16. An analysis system, comprising: 
a samplingjig that samples a coating formed on a Substrate, 

wherein the sampling jig includes a sampler that has a 
convex sampling Surface with a predetermined curva 
ture, wherein the sampling Surface has a contact Surface 
that contacts the coating to hold a sampled coating and a 
recess formed on the contact surface, wherein a Surface 
area of the contact Surface is greater than a Surface area 
of the recess, and wherein a hardness of the sampler is 
higher than a hardness of the coating: 

a weighing instrument (microbalance) that measures a 
weight of a coating sampled by the sampling jig; and 

an absorptiometer that analyses a particular Substance con 
tained in the sampled coating. 

k k k k k 
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